INTRODUCTION
Though a lot of studies have shown upturn of sperm quality and fertilizing ability after antioxidant administration, current attention has been aimed on natural substances and extracts with different beneficial properties including antioxidant effect. Indeed, there is a large number of medicinal plants known to control various health problems, used by indigenous people as part of a traditional medicine, especially in Asian countries (Fatma et al., 2009) . Catechins are known as flavonoids present in various natural sources. Catechin, epicatechin and epicatechin gallate are the essential polyphenols occurring in fruit wine. High concentrations of epicatechin are in green tea, apples, blackberries, broad beans, cherries, black grapes, pears, raspberries, and cocoa beans (Gadkari and Balaraman, 2015) . Nowadays these natural compounds are becoming increasingly popular in association with their potential as biological active substances, such as antimutagenic and antitumorigenic activity. Catechins and other flavonoids are considered effective antioxidants capable to scavenge oxygen radicals. Large number of researches have proved that catechins mitigate the impact of oxidative stress on biological tissues and subcellular structures. (Terao et al., 1994) . Epicatechin is able to scavenge hydroxyl radicals, peroxyl radicals, superoxide radicals, and DPPH (2,2-diphenyl-1-picrylhydrazyl) radicals, there was also observed that catechin and epicatechin have a peroxyl radical scavenging activity 10 times higher than those of L-ascorbate or beta-carotene (Yilmaz and Toledo, 2004) . It is known that the antioxidant activity of polyphenols such as epicatechin is mediated by hydrogen-donating capacity of their phenolic groups. Another antioxidant property is their metal-chelating potential which may also play a key role in the protection against iron-and copper-induced free radical reactions. (Rice-evans et al., 1995). It is generally accepted that the generation of low ROS levels provide optimal conditions for several main sperm functions, including capacitation, acrosome reaction, zona pellucida binding and oocyte fusion. However, overproduction of ROS and imbalance between ROS concentration and the antioxidant capacity of cells leads to the development of pathological condition known as oxidative stress (Moretti et al., 2012) . Membranes of sperm cells are rich in polyunsaturated fatty acid, what may lead to peroxidation of membrane lipids because of high susceptibility of spermatozoa to oxygen-induced damage. (Sikka, 2001) . Oxidative stress is a major aspect in the etiology of bad sperm quality, functions as motility and causes morphological changes and oxidative alterations to DNA, membranes, and proteins (Moustafa et al., 2004) . Spermatozoa and seminal plasma contain a wide range of protective enzymatic antioxidants, such as the glutathione peroxidase/reductase system, superoxide dismutase, catalase and low-molecular weight antioxidants, vitamin E, vitamin C, urate, and albumin, which are able to scavenge ROS and provide prevention of potential cellular defects mediated by ROS overproduction. Though, it is known that long-term exposure to seminal plasma is harmful for sperm functions, including motility (Tremellen, 2008) . One of the strategies for mitigate the impact of ROS overproduction during processing of sperm is to enhance the antioxidant capacity of medium; for example, administration of natural substances with antioxidant activity to utilized sperm buffer, such as curcumin (Tvrdá et al., 2015) , lycopene (Tvrdá et al., 2016) and many others. Also supplementation of freezing extenders with natural antioxidants was used in many studies dealing with improving of overall sperm parameters by inhibiting of oxidative stress (Bucak et al., 2010; Bucak et al., 2015; Omur and Coyan, 2016) . This study was carried out to test the antioxidant effects of different epicatechin concentrations during in vitro cultivation at several time periods on the motility, sperm viability and production of reactive oxygen substances of bovine spermatozoa.
MATERIAL AND METHODS

Semen samples and in vitro culture
Bovine semen samples were obtained from 20 adult breeding bulls (Slovak Biological Services, Nitra, Slovakia). The samples had to accomplish the basic criteria given for the corresponding breed. After collection, the samples were stored in the laboratory at room temperature (22-25°C) for later analysis. Each
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sample was diluted in physiological saline solution (PS) (sodium chloride 0.9% w/v, Bieffe Medital, Grosotto, Italia), using a dilution ratio of 1:40, depending on the original spermatozoa concentration. Spermatozoa were incubated with various concentrations of epicatechin ((−)-Epicatechin; Sigma-Aldrich, St. Louis, USA) dissolved in 0.5% DMSO (Dimethyl sulfoxide; Sigma-Aldrich, St. Louis, USA) (A -200; B -100; C -50; D -10; E -5; F -1 μM/L). The control (Ctrl) group was cultured with physiological saline solution and all samples were cultivated in the laboratory at room temperature (22-25°C). The control group (medium without EPI) was compared to the experimental groups (exposed to different concentrations of EPI).
Computer-assisted semen analysis
Spermatozoa motility was measured as an indicator of semen quality. The motility analysis was carried out using a CASA (Computer Assisted Semen Analyzer) system -HTM IVOS (CASA; Version 14.0 TOX IVOS II.; HamiltonThorne) at cultivation times 0 h, 2 h, 6 h and 24 h. Each sample was placed into the Makler Counting Chamber (depth 10 mm, Sefi-Medical Instruments, Haifa, Israel) and the percentage of motile spermatozoa (motility > 5 μm/s; MOT) was evaluated. This study was performed in three replicates at each concentration and time. At least 1000 spermatozoa were analyzed in each sample (Lukáč et al., 2011).
Viability evaluation
The viability of the cells exposed to epicatechin in vitro was evaluated by the metabolic activity (MTT) assay (Mosmann, 1983) . This colorimetric assay measures the conversion of a yellow water-soluble tetrazolium salt [3-(4,5-dimetylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide] (MTT) to purple formazan particles by mitochondrial succinate dehydrogenase of intact mitochondria of living cells. The amount of formazan was measured spectrophotometerically. In brief, the cultured cells in 96-well plates were stained with MTT tetrazolium salt (Sigma, St. Louis, MO, USA). MTT was dissolved in PBS (Dulbeccos Phosphate Buffer Saline, Sigma, St. Louis, USA) and added to the cells (20 μL per well). After 1 h of incubation (37°C), the cells and the formazan crystals were dissolved in 80 μL of isopropanol (2-propanol, p.a. CentralChem, Bratislava, Slovakia). Optical density was determined at a measuring wavelength of 570 nm against 620 nm as reference by a microplate ELISA reader (Multiscan FC, ThermoFisher Scientific, Finland). The data were expressed in percentage of control (i.e., optical density of formazan from cells not exposed to EPI). The results from the analysis were collected during three repeated experiments at each concentration.
Evaluation of ROS generation
ROS levels in samples were assessed by chemiluminescence assay using luminol (5-amino-2, 3-dihydro-1, 4-phthalazinedione; Sigma, St Louis, MO) as the probe (Tvrdá et al., 2016) . The tested samples consisted of luminol (5 μL, 5 mM) and control or experimental samples (dilution ratio 1:40). Negative controls were prepared by replacing the sperm suspension with 200 μL of the extender. Positive control included 200 μL of the extender and 25 μL of hydrogen peroxide (30%; 8.8 M; Sigma-Aldrich, St. Louis, USA) in triplicates. Chemiluminescence was measured on a 96-well plate for 15 min using the Glomax Multi+ Combined Spectro-FluoroLuminometer (Promega). The results were expressed as relative light units (RLU)/sec/10 6 sperm.
Statistical analysis
Statistical analysis was carried out using the GraphPad Prism program (version 3.02 for Windows; GraphPad Software, La Jolla California USA, www.graphpad.com). Descriptive statistical characteristics (mean, standard error) were evaluated at first. One-way ANOVA with Dunnett's posttest was used for statistical evaluations. The level of significance was set at * * * (P<0.001); * * (P<0.01); * (P<0.05).
RESULTS AND DISCUSSION
The initial spermatozoa motility (0 h) showed increased value only in experimental groups C (50 μM/L EPI) and E (5 μM/L EPI) in comparison to the control group without EPI, though without any statistical significance (P>0.05) ( Table 1 ). Significant difference (P < 0.05) was observed after 2 h of incubation between the group containing higher dose of EPI -experimental group B (100 μM/L EPI) and the control group without EPI. No significant differences were found between others experimental groups and control group at the time 2 h. After 6 h of in vitro cultivation were observed several significant differences in spermatozoa motility. At this time, significant increased value of motility was noted at the dose 50 μM/L EPI-experimental group C (P<0.01), 10 μM/L EPIexperimental group D (P<0.01) and 5 μM/L EPI-experimental group E (P<0.05) in comparison with the control. At the end of the experiment (24 h), significantly elevated (P<0.001) motility showed all experimental groups (1-200 μM/L EPI; experimental group A-F), after a comparison with the control group (Table 1) . The viability of bovine spermatozoa as detected by the MTT cytotoxicity assay was initially (time 0 h) significantly increased only at the lowest dose of EPI (1 μM/L)-experimental group F (P<0.05) but paradoxically, all experimental groups after 2 h of in vitro cultivation were without any statistical significance in comparison with the control group (Figure 1) . EPI administration at 6 h led to a significant improvement of cell viability at dose 50 and 10 μM/L EPIexperimental groups C, D (P<0.01) and at dose 5 μM/L EPI-experimental group E (P<0.001; Figure 1 ). After 24 h of in vitro cultivation the spermatozoa mitochondrial activity increased in all experimental groups with EPI treatment with significant differences (P<0.01) in experimental groups A and B (200 and 100 μM/L EPI) and also at lower doses (50, 10, 5 and 1 μM/L EPI) in experimental groups C, D, E and F were found significant improved values of viability when compared to the control group (Figure 1 ). Slight inhibition in the cell viability of bovine spermatozoa was determined only in experimental group A (200 μM/L EPI) after 2 h of incubation, although without any statistical significance (Figure 1 ).
Figure 1
The effect of different doses of epicatechin on the viability of bovine spermatozoa (n=20) at 0h, 2h, 6h, and 24h. Each bar represents mean (±SEM) optical density as the percentage of controls, which symbolize 100%. The data were obtained from three independent experiments. The level of significance was set at *** P<0.001; ** P<0.01; *P<0.05. Ctrl -0; A -200; B -100; C -50; D -10; E -5; F -1 μM/L EPI.
Luminometric evaluation showed that epicatechin administration provided protection against ROS overgeneration with significantly decreased values at cultivation time 6 h in experimental group F (P<0.05), as well as in groups C, D and E (P<0.01) when compared to the samples from control group without EPI treatment (Table 2 ). Significant changes in ROS production were also observed after 24 h of in vitro cultivation at the all doses of epicatechin; for experimental groups A and B (P<0.01) and experimental groups C, D, E, F (P<0.001) too (Table 2) . Recently, antioxidant substances have aroused great interest due to their ability to minimize the deleterious effects of reactive oxygen species (ROS) on several biological and pathological processes. ROS are necessary for the normal physiological function of sperm, although their concentration must be kept under strict control to avoid deleterious effects, such as damage to cell structures: lipids and membranes, proteins, and DNA (Dias et al., 2014) . There is a growing interest in enlightening the role of ROS formation in sperm as they are responsible for lower sperm quality in freshly collected semen and poor quality of sperm after processing for usage in reproductive technologies, such as artificial insemination, in vitro fertilization, or cryopreservation (Guthrie and Welch, 2012). Short-and long-term storage of viable spermatozoa in a liquid state in medium would have implications for the transport of spermatozoa to distant laboratories, and be advantageous for repeated insemination procedures using fresh spermatozoa. Therefore, establishment of optimal composition for sperm storage is of extreme relevance, as these cells are highly dependent on the supply of exogenous substrates and, due to their high metabolic rates, produce elevated amounts of ROS (Sato and Ishikawa, 2004) . Free radicals and reactive oxygen species, which are generated by spermatozoa and leukocytes during storage, induce alterations in sperm hyperactivation, capacitation, and acrosome reaction (Wittayarat et al., 2013) . It has been demonstrated that polyphenols such as epicatechin prevents spontaneous mutations, LDL oxidation, and chromosomal damage induced by ROS in somatic cells, and in the context of male reproduction, catechins showed protective action against several deleterious effects by minimizing oxidative stress (Roy et al., 2003) . It was reported that catechins therapy protects against testicular ischemia-reperfusion injury through its antioxidant activity (Sugiyama et al., 2012) , and in human spermatozoa maintained at 37 °C, motility and viability can be improved by the addition of catechins to the extracellular media at low concentrations (De Amicis et al., 2012). The aim of this study was to evaluate the antioxidant effects of epicatechin on the bovine spermatozoa motility, viability, and ROS production in vitro. Our results agree with findings of Purdy et al. (2004) with cooled goat sperm, when detected motility between control and various concentrations (25-100 μM/L) of catechin was significantly improved in experimental groups after 96 h cultivation. Another study with boar semen also evaluated that the motility of spermatozoa supplemented with catechin (25 a 50 μM/L) was higher than that of the control group after 24 and 48 h. In addition, after incubating the sperm for 24 and 72 h, sperm viability assessed by eosin exclusion test showed that experimental groups supplemented with catechin were significantly higher than that of the control group. Also, malondialdehyde concentration was significantly lower in samples with catechin after 24, 48 and 72 h (Boonsorn et al., 2010) . Moretti et al. (2012) examined, that epicatechin have concentration-dependent effect on sperm viability and motility. Epicatechin at 400 μM/L concentration caused a decrease in sperm progressive motility concomitant with a significant increase in non-progressive motility. A possible explanation for the reduced progressive motility is via estrogen receptors. Spermatozoa motility closely relates with mitochondrial activity, because spermatozoa contain many mitochondria helically arranged around the mid-piece axoneme, thus mitochondria play a key role in the energy production (the generation of ATP) and maintenance of spermatozoa motility (Jansen and Burton, 2004) . Our experiment indicates that the concentrations lower than 100 μM/L EPI after 6 h of incubation, and all concentrations after 24 h, significantly increased spermatozoa mitochondrial activity. On the other hand, all doses of EPI were not effective in the case of mitochondrial activity after 2 h incubation. Wittayarat et al. (2012) investigated the effect of vitamin C (0.5 or 1 mM) along with 0.75 mg/mL green tea polyphenol to semen extender provided significantly higher percentages of canine sperm motility and viability (assessed by a live/dead stain combination) during cold storage at 5°C for 4 weeks compared to unsupplemented semen. The specific mechanism through which polyphenol inhibits oxidative stress during semen preservation is not clear. Polyphenols may bind to components of the sperm membrane and prevent the lipid membrane oxidation induced by free radicals (Hyon, 2004) . The epididymis and spermatozoa are highly rich in polyunsaturated fatty acids and thus susceptible to injury induced by ROS what is associated with lipid peroxidation. Subsequently, products of membrane lipids peroxidation such as malondialdehyde, are highly toxic to spermatozoa and causes an irreversible damage of spermatozoa motility and integrity (Aitken, 1995) . Chen et al. (2003) demonstrated that tea catechins significantly increased the cell viability, decreased the intracellular Ca 2+ level and ROS formation, and improved the mitochondrial membrane potential of PC12 cells (a neuron cell model). Also data obtained from study with catechins-rich grape extract showed, that the incubation of thawed bovine spermatozoa with 2 μg/mL and 5 μg/mL of the extract for 2 hours resulted in a significantly better maintenance of viable spermatozoa with intact acrosome and same concentrations kept the levels of malondialdehyde production in significantly lower level, compared to the other groups, after 2 hrs and 4 hrs of incubation (Sapanidou et al., 2014) . These findings related to membrane lipid peroxidation could also support our results obtained from assessment of ROS production, when levels of ROS were significantly decreased after 6 and 24 h of incubation, especially in experimental groups where the concentrations of EPI varied between 1 and 50 μM/L.
CONCLUSION
Based on results obtained from this study it may be concluded that epicatechin, especially at lower doses (1-50 μM/L), is able to prevent the development of oxidative stress by overproduction of ROS in semen samples cocultivated with this natural substance. Antioxidant activity of epicatechin is in this experiment also supported by results obtained from evaluating of spermatozoa motility, which is closely related to the function maintenance and fertilizing ability of sperm cells. Epicatechin seems to protect bovine spermatozoa against the impairment caused by reactive oxygen species and thus increase the percentage of viable cells during short-, as well as during long-term incubation. Administration of natural antioxidants, in this case epicatechin, to semen extenders or medium could therefore be one of the most effective method of improving the sperm parameters and prolong the time of spermatozoa storage for later processing or using in various techniques of artificial insemination or in vitro fertilization.
